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I n t r o d u c t i o n
The finding that there is a very high concentration of vitamin Bj in the scutellum of wheat (Hinton 1942; Ward 1943 ) was extended when it was shown from an exami nation of many types of wheat that the scutellum contains on the average about 6 0 % of the total vitamin Bj of the grain (Hinton 1944) . This surprising fact has directed attention once more to the general problem of the distribution of the different nutrients in the wheat grain.
Early this century Lindet published the work of Aime Girard on the distribution of nitrogen, lipoids and ash in the main parts of the wheat grain (Girard 1903 ). Girard's approach was in contrast with the work of the preceding fifty years which was concerned either with the overall chemistry of wheat or its histology. He removed the embryo by dissection and the endosperm by scraping it away with a blunt knife after the grain had been soaked in water for several days. This left the pericarp, testa and aleurone layers which together Girard called the envelope. The pericarp was recovered from certain fractions obtained in the milling of the wheat, whilst the testa was isolated by chemical maceration methods. The nitrogen content of the different fractions was determined, and from these figures the nitrogen content of each of the main parts of the grain was calculated. Total ash and lipoid were determined on some of the fractions.
At about the same time Cobb published a classical paper in which was included an examination of the distribution of gluten in the endosperm (Cobb 1905) . The endosperm was divided into five layers concentric with the inner fold of the crease and the layers were removed from the grains by hand scraping. The results of both these workers will be considered later.
In addition to the work already mentioned on the vitamin Bx content of the scutellum, results have recently been published on the distribution of inorganic elements and nitrogen in the endosperm (Morris, Alexander & Pascoe 1945) , and on the composition of the aleurone layer and pericarp (Guillemet & Guilbot 1945) . The distribution of minerals and nitrogen in the endosperm was measured on samples obtained with a dental drill, whilst the analyses of the aleurone layer and pericarp were carried out by a chemical maceration method, using formic acid to separate the layers; nitrogen, ash, phosphorus, lipoid and the constituents of the cell-wall material were determined. This work will also be considered in a later section.
The present communication describes the distribution of vitamin Bx and nitrogen within the wheat grain, and is part of a general investigation being carried out in these laboratories on the distribution of factors important in human nutrition. E x p e r i m e n t a l
The method of obtaining the material for analysis is of first importance. Girard's early work was carried out either on material obtained by soaking the grain in water for a long period or on layers separated by chemical maceration. Guillemet's recent work was on material obtained by maceration with formic acid. Both of these workers point out that their methods involve a loss of soluble material the nature of which can only be surmised, and this clearly weakens the value of the analytical figures obtained on the more insoluble part of the. separated tissues. Girard obtained his pericarp fractions from milling stocks, and many observations have since been made on similar material. These fractions, though in some cases composed mainly of a particular part of the wheat grain, e.g. the germ and endo sperm, are usually contaminated with other parts. Furthermore, it is probable that his pericarp was only part and not the whole of the pericarp of the grain, an objection which can be raised against any milling fraction. The direct dissection method used by Cobb and Morris et al. is the only sound one.
In the present work the grain was separated into its main parts by hand dissection and the assays made by microchemical methods using 10 to 20 mg. of material.
The following parts were separated: (1) Pericarp, and testa. 
Distribution of vitamin B 1 and nitrogen in the wheat grain
The terms scutellum and embryo are used descriptively in the same manner as the terms cotyledons and embryo are used in leguminous seeds. It seems justifiable to consider the scutellum as being distinct from the rest of the embryo, since it has completed its development and is no longer embryonic in the true sense.
One sample of English-grown grain, variety Vilmorin 27, of a particularly soft and starchy nature with large grains uniform in texture and size was used throughout. 
Dissection technique
The grain was held in a pin-vice of appropriate size, and the protruding germ end was first removed. The dissection was carried out under a binocular magnifier using magnifications of 12 to 72 according to requirements.
Pericarp and testa. A light cut was made as far down the grain as the holder would allow, and the pericarp and testa removed together using small dissection knives and needles. The testa is firmly held to the aleurone layer, the hyaline layer acting as a cementing film, and the removal is made possible by carrying out the dissection in a stream of warm air saturated with water. The best conditions were found by experience and varied with the atmospheric conditions. The pericarp and
Distribution of vitamin B x and nitrogen in
testa were removed as a strip which covered approximately one-third of the grain at its largest diameter. No attempt was made, when collecting material for assay, to remove the tissue from the depths of the crease.
Aleurone layer. The portion of the aleurone layer beneath the strip was covered in part by the torn hyaline layer (the separation of which as a whole was not attempted), and was removed by a combined cutting and lifting action using a chisel-like tool made from a fine sewing needle. High magnification was necessary and the stream of moist air was maintained. Under these conditions the aleurone layer is very soft and pliable, readily damaged by the knife but less liable to break off. The knife was maintained at such a depth that a little endosperm was removed with the aleurone layer to avoid cutting into the aleurone cells and so losing their contents. The layer was then allowed to dry for a few minutes, and the endosperm removed by light scraping, the aleurone layer itself being reasonably hard and tough in this dry condition. The process requires experience to develop the manual technique. The aleurone layer so obtained was in the form of strips with only traces of adhering endosperm.
Endosperm. After the exposed surface had dried and hardened, the outer layer of starch endosperm was removed by trimming it off with a sharp thin blade, the scrapings from the aleurone layer being added to it.
The second and third layers were removed in like manner, the third layer ex tending to the middle or centre of the endosperm.
The endosperm layers adjoining the crease were not included in the samples, but in calculating the results the assumption was made that they are similar in com position to the corresponding layers adjoining the outer surface of the grain.
Embryo. The embryo and scutellum were obtained from separate grains. A different form of holder made from a screw-clip is more suitable than the pin-vice for this particular dissection. The combined pericarp and testa covering the embryo is quite loose and readily removed. The embryo is then detached from the scutellum by inserting a flat needle on either side beneath it.
Scutellum. The pericarp and testa adhere firmly to the scutellum and were removed by dissection. In the dry state the scutellum is also firmly attached to the grain, and it was therefore removed in flakes by scraping with a small shaped tool. With care the whole of the scutellum can be removed without rupturing the layer of crushed cell-wall material immediately beneath and so breaking into the endosperm.
The proportion by weight of the fractions. To obtain the proportion of the fractions in the grain as a whole the same dissection technique was applied to grains split longitudinally down the crease, the entire pericarp and testa, aleurone and endo sperm layers being removed from each of ten halves. Ten representative grains were dissected for this purpose Methods of assay Vitamin Bv The micro-method already described (Hinton 1943) was used for t aleurone layer, scutellum and embryo. For the endosperm and pericarp plus testa this method was not sufficiently sensitive and a micro-comparative method was devised. The thiochrome reaction was carried out on acid extracts in micro-vessels similar to those used for drop-analysis techniques, using the same procedure as described in the micro-method.
The quantities of reagents used were: extract for assay 0*005 ml., NaOH 30% 0*005 ml., K3Fe(CN)6 sol. 0*001 ml., isobutanol 0*0075 ml. The isobutanol thio chrome solution was drawn up into fine thin-walled capillary tubes and compared with standards under ultra-violet illumination using a lens. Allowance was made for blank fluorescence by comparison with very dilute standards. This comparative method is relatively inaccurate, and the figures for these fractions are subject to an error of + 15 %.
Nitrogen. The Kjeldahl method for total nitrogen was employed using a digestion mixture of 1 part of K2S0 4 to 4 parts of H2S0 4 by weight with copper selenite as catalyst. It was applied on a micro-scale, the Conway micro-diffusion apparatus being used for the estimation of NH3. The results are shown in table 1 and figure 2. They are expressed on an air-dry basis, the moisture content being approximately 12 %., The practice of expressing the nitrogen as protein has not been followed, since it is u n lik e ly that the nitrogenous bodies of the pericarp and testa are of a protein nature. A further examination of the pericarp plus testa fraction was undertaken with the object of elucidating the distribution of'nitrogen in this fraction. The nitrogen content of the fractions obtained was: basis, and as the endosperm is soft and possibly of low density this difference may be appreciably lessened. It may, however, partly explain the lower total endosperm obtained by Morris et at. who were using hard wheats, probably of smaller grain size. Figures for two varieties are shown. Girard's figure is appreciably higher but was obtained by difference. His method of obtaining the proportion of pericarp is not precise, whilst his figure for the complete embryo is low. The method he used for dissecting the embryo would almost certainly leave most if not all of the scutellum behind. The distribution of nitrogen agrees well with what would be expected. The nitrogen of the outer pericarp layers is probably associated with the cell-wall material, whilst the higher content of the cross layer is probably due largely to the presence of protein degradation products. Irregular deposits on the walls of this layer can be seen by microscopic examination. Girard has already pointed out that the nitrogen content and the character of the testa are closely similar to those of plant cuticle.
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The nitrogen in the remaining parts of the grain is most probably protein nitrogen and follows the expected distribution of protein. Thus the embryo contains a large proportion of dormant meristem which is principally protein in nature. The scutellum is only partially differentiated but is known to contain a greater amount of lipoid (Hinton 1944) and probably a greater ash content than the embryo. Hence the protein content would be expected to be high but lower than that of the embryo. The aleurone layer is more fully differentiated, and preliminary figures indicate that it has a high lipoid and ash content and consequently a low protein content. The endosperm layers contain the starch deposits which are heavier in the inner layers with consequent increased attenuation of the protein matrix.
The gross distribution of nitrogen is, of course, not the whole story. There is abundant evidence that the type of protein, as shown by the differences in aminoacid composition (Barton-Wright & Moran 1946) varies throughout the grain.
Vitamin Bx
The distribution of vitamin Bx is relatively simple, 94 % being contributed by the scutellum and aleurone layer; the former has a very high concentration, whilst the latter, with lower concentration, has a greater mass. It is doubtful if the pericarp plus testa fraction contains any vitamin Bx at all; the colour of the fluorescence obtained was not the true thiochrome colour and probably came from other substances.
The vitamin appears to be an essential factor in all living organisms, and it is not surprising to find a concentration of this substance in a seed. All the edible seeds which have been investigated contain it, either at the same level as in the wheat grain or in much higher concentration (Booher, Hartzler & Hewston 1942) . The interest lies in finding it localized in one particular part of the embryo.
The full role of vitamin Bx in metabolism is not yet understood. It is known to be a component of several enzyme systems all connected with carbohydrate metabolism, the most important of which is carboxylase. This splits off carbon dioxide from pyruvic acid yielding acetaldehyde, a step in the oxidation of carbo hydrates. McHenry suggests that pyruvic acid may also be the starting-point for the synthesis of fat from carbohydrate in a process also requiring vitamin B1 (McHenry & Cornett 1945) . This theory is of interest when the high lipoid content of the scutellum is borne in mind (Hinton 1944) . The aleurone layer with the next highest concentration of vitamin Bx also contains much lipoid material. Again, many of the edible seeds with high vitamin Bx content are very rich in oil. On the other hand, the leguminous seeds which are among the richest in vitamin Bx and brewers' yeast, which is comparable in vitamin Bx content to the scutellum, have no similar oil deposits. Again, the part described in the present paper as embryo is also rich in lipoids but has a relatively low content of vitamin Bx. Furthermore, there is no evidence in support of the possibility that fat is synthesized in the scutellum and later transferred to the embryo. It is therefore difficult to correlate the high vitamin Bx content of the scutellum with its lipoid content.
Starting from a different viewpoint, one might consider under what conditions a local concentration of substances in a plant might logically be found. Two sets of circumstances can be recognized:
(а) The substance is being produced locally at a rate faster than it is either used or transported away, e.g. the concentration of carbohydrates in leaves during periods of photosynthesis.
(б) The substance is being transported to the place of concentration or is produced there, and transformed into a non-transportable form. The concentration of carbo hydrates as starch in tubers, seeds, etc., and the well-known concentration of mineral ions in many plant cells, particularly sea weeds, are examples in this category.
There is much evidence to show that vitamin Bx is an essential requirement for plants in which it is normally produced by photosynthesis (Bonner 1938a (Bonner , 1940a Bonner & Greene 1938; Woodhouse & Morris 1942) . It is produced in isolated roots in the presence of light (Bonner 19406; McLary 1940; Nobecourt 1939) , whilst isolated roots in the absence of light are able to form the vitamin if supplied with its thiazole and pyrimidine precursors (Robbins 1940; Bonner & Buchman 1938) , or allied bodies (Bonner 19386) .
In normal circumstances the roots and other parts of the plant are supplied with vitamin Bx or its precursors from the leaves or other regions of photosynthesis. There is good evidence for the transport of vitamin Bx about the plant. Thus it has been shown that from the time of flowering there is no change in the vitamin Bx content of the entire wheat plant but there is a change in its distribution (Geddes & Levine 1942) . The proportion present in the grain changed from 25 % of the total at 7 days after flowering to 77 % of the total at maturity. Similarly during germi nation of wheat in the dark there was no change in the total vitamin Bx content of the grain and seedling during 18 days, but the content of the grain was reduced while that of the seedling increased (Hoffer, Alcock & Geddes 1946) . Nevertheless, this evidence is circumstantial rather than direct, since it is possible, though un likely, that vitamin production in one part of the plant equals its destruction in another part.
More direct evidence comes from experiments in which the stems of tomato plants were 'ringed' by a steam jet (Bonner 1942) . It was found that the richest parts of normal plants were the apex and rapidly expanding leaves; there was a diminishing gradient in vitamin Bx concentration of the leaves from the youngest to the oldest. These results are supported by independent investigations on pea seedlings in which the richest parts were found to be the apex and young leaves (Rytz 1939) . When the tomato stems were ringed at the second node there followed an accumula tion of vitamin Bx above the ring if mature leaves were present. When only young leaves were present there was no accumulation. The conclusion is that there is normally a movement of vitamin Bx to the roots only from the mature leaves. When the ring was made between the young leaves and the older ones there followed an accumulation of vitamin Bj below the ring. This suggests a movement of vitamin Bx from the older leaves to the younger tissues of the shoot, perhaps to the younger leaves, i.e. in the latter case against the concentration gradient, in addition to the movement to the roots. The results of experiments in which the petioles of leaves were ringed, however, were interpreted as showing that there is a slight movement from the young expanding leaves and a considerable movement from the older mature leaves. Furthermore, it was found that the vitamin Bx content of the plant increased markedly if all stem growth was prevented by removal of apices.
It would seem, therefore, that the movement of vitamin Bx is not to the young leaves but to the stem growing point. The importance of the vitamin for the growing point has been shown by cytological examination of roots grown in culture; in the absence of vitamin Bx the meristematic tissue suffers seriously, the diameter of the meristem and its length decreasing considerably (Addicott 1939) . Differentiation and elongation are not affected and catch up on meristematic growth, so that only a few rows of meristem remain. This demonstrates the necessity of vitamin Bx for continued meristematic activity. It may be concluded that the movement of vitamin Bx is to the growing point of shoot and root. The high concentration in the young leaves is notable, though this is many times less than the concentration in the scutellum of wheat.
In the light of the results summarized above, it is suggested that the distribution of vitamin Bx in the wheat grain may be explained by the following scheme: The growing points, i.e. the meristem, and the portion described as embryo in this paper which is essentially a series of growing points, are active users of vitamin Bx during cell division and thus have a relatively low vitamin Bx content. Movement to these parts therefore takes place according to the normal mechanism provided by the concentration gradient. As the growing-point tissue passes out of the meristematic condition, as during the expansion of the young leaves and development of the scutellum, there is built up in it a concentration of vitamin Bx, which only becomes available, together with much more produced in leaf by the photosynthesis, as the Distribution of vitamin B1 and nitrogen in the wheat grain young leaves develop to maturity with completion of differentiation. It is then transported back to the growing points and the concentration falls.
In this scheme the scutellum corresponds to the young differentiating leaf tissue. It is usually considered to be the first leaf of the wheat plant (McCall 1934) and is formed of partially differentiated cells. There is, moreover, evidence to show that the vitamin Bt is gradually moved from the scutellum as the seedling develops. The first significant decrease in the vitamin Bj content of the scutellum is found 3 or 4 days after the commencement of germination (Hinton 1944) . Other observa tions show that in wheat germinated in the dark the vitamin Bx content of the grain slowly decreases, whilst that of the seedling slowly increases, which is to be interpreted as meaning a gradual movement from the scutellum to the seedling (Hoffer et al. 1946) .
The fact that there is no decrease in vitamin Bj content of the scutellum during the earliest stages of germination suggest that it plays no great part in m ob ilizin g and utilizing carbohydrates. Its more probable role appears to be that of a source for the growing points in the early stages of the seedling, whilst the vitamin Bx present in the young leaves, partially produced therein by photosynthesis, is not yet available for transport.
A suggestion made by Bonner & Buchman is of interest in connexion with the concentration of vitamin in the young tissue (Bonner & Buchman 1939) . They found that vitamin Bx was consumed by actively growing Phycomyces mycelia, but that it was produced again by the resting mycelia if thiazole was supplied. They suggested that the thiazole alone was broken down when the vitamin molecule reacted, and that the pyrimidine was set free to recombine with more thiazole, if present, in the resting mycelium. Whether the vitamin Bx is produced in the young tissues by a process of this type or is transported there as such it is probably changed into a non-transportable form. Such a change in the scutellum is suggested by the observation that the vitamin Bx can be extracted only when the cells have been affected by treatment which would either alter the permeability of the protoplasm or denature a protein-vitamin complex (Hinton 1944) . It may possibly be present as enzyme molecules. The concentration of free vitamin Bx would thus be low and movement would take place in accordance with the concentration gradient.
I t is therefore tentatively suggested that the concentration of vitamin Bx in the scutellum is part of the normal development of plant tissue, the scutellum becoming fixed as it were in the stage at which the concentration occurs. The unusually high value of this concentration may result from more than one cause. In actively growing plants such as the tomato there must be a much greater proportionate bulk of tissue passing out of the meristematic condition than in the wheat plant at the time of grain development when the scutellum is possibly the only tissue passing through this phase. The competition must be less in the wheat plant than in the tomato plant. In other seeds rich in vitamin B1? such as the leguminous seeds, the concentration does not reach so high a value in the cotyledons, which are analogous to the scutellum because the cotyledons are much larger in size due to a concen tration of protein and carbohydrate in them. In the wheat seed the protein and carbohydrate deposits are outside the scutellum. In similar manner the scutellum of maize has a lower concentration of vitamin Bx than that of wheat but is pro portionately of greater bulk due to deposits of lipoid and other material (Hinton 1944).
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